Introduction
============

In Malawi, cholera outbreaks occur frequently during the rainy season between November and March, with districts surrounding Lake Chilwa among the most affected.[@R1] Particularly at risk are people living on the six islands in the lake and fishermen who settle temporarily during the fishing season in floating homes, known locally as *zimboweras*. *Zimboweras* are huts built by fishermen on platforms constructed with grasses that emerge from the surface of the shallow lake ([Fig. 1](#F1){ref-type="fig"}). They are typically a few hours from shore by paddle canoe. The inhabitants of *zimboweras* live in unsanitary conditions and have limited access to safe drinking water or health care.[@R2] As they do not store food, fishermen rely on communal facilities on larger and slightly better-equipped *zimboweras*, known as tea rooms, where they purchase foodstuffs. Tea rooms are also used for recreation and to sell catches to fish retailers.
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Between December 2015 and August 2016, 1256 cholera cases were notified in the area surrounding Lake Chilwa, mainly in fishing communities, island communities and on the lake shore. Health centres in Machinga district reported the initial cases among fishermen, which includes the northern part of Lake Chilwa. The epidemic then spread to nearby Zomba and Phalombe districts.

In response, the Malawian Ministry of Health, supported by the World Health Organization (WHO) and international partners, including Agence de Médecine Préventive and Médecins sans Frontières, launched a two-dose cholera vaccination campaign in addition to strengthening surveillance, case management and water and sanitation improvements. The campaign targeted 80 000 people, who comprised all residents of villages located less than approximately 2 km from the lake shore, all residents on the islands and the *zimboweras* fishermen communities ([Fig. 2](#F2){ref-type="fig"}). Patients from neighbouring Mozambique were also treated in a health centre close to the border, but there was no formal collaboration with Mozambican health authorities on vaccinating people on the eastern lake shore.
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The first round of the vaccination campaign took place between 16 and 20 February 2016 and the second round, between 8 and 11 March 2016. An oral cholera vaccine was used: Shanchol^TM^ (Shantha Biotechnics, Hyderabad, India). All individuals received their first dose at vaccine distribution sites via the standard method (i.e. directly observed vaccination). The second dose was also administered in this way in shore communities, whereas two innovative strategies were used on the islands and *zimboweras*. On the islands, the strategy involved two simplifications. First, vaccine vials were entrusted to community leaders in a simplified cold chain, which alleviated the logistical needs of preparing a second round. Second, household heads were given the opportunity to collect vials for all household members to administer at home. However, the second dose could alternatively be given by directly observed vaccination if family members attended a vaccine distribution site. The *zimbowera* fishermen also received the first dose by directly observed vaccination, but were given the second dose in zipper storage bags. Fishermen were instructed to keep the bags in their *zimboweras* and to take the second dose by themselves 14 days later. Nineteen of the most frequented tea rooms were used as distribution sites. The vaccination campaign was advertised through community health workers, zone and district executive committees, schools and radio stations. Megaphones were used to remind fishermen to take the second dose.

Implementing timely oral cholera vaccine campaigns in response to outbreaks remains challenging.[@R3]^,^[@R4] Several reactive campaigns, with good coverage and acceptability, have been documented in recent years.[@R3]^,^[@R5]^--^[@R7] However, these campaigns were conducted in relatively stable populations that could be reached using traditional mass vaccination strategies. Our campaign around Lake Chilwa was the first to use strategies involving self-administration or simplified delivery of the second dose. We expected these innovative strategies to maximize coverage with two vaccine doses among the most vulnerable and hard-to-reach populations in the area. High vaccination coverage among fishermen should reduce the risk of future epidemics, not only in the *zimbowera* community, but also in the entire population around Lake Chilwa ([Fig. 3](#F3){ref-type="fig"}).
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The aims of this study were to estimate vaccination coverage following the cholera vaccine campaign in the Lake Chilwa area in February and March 2016, to identify reasons for non-vaccination and to assess satisfaction with the innovative vaccine delivery strategies used. We focused on evaluating strategies that could be used in future in similar hard-to-reach populations.

Methods
=======

The study population comprised individuals older than 1 year, including pregnant women, the same as the target population of the oral cholera vaccine campaign. We divided the population into three strata according to the vaccination strategy adopted: (i) approximately 72 000 people living in villages located within 2 km of the shore of Lake Chilwa who were vaccinated using the standard strategy; (ii) approximately 6700 people living in villages located on islands in the lake who were vaccinated using a simplified cold-chain strategy; and (iii) approximately 6000 fishermen living on *zimboweras* who were vaccinated using an out-of-cold-chain strategy ([Fig. 2](#F2){ref-type="fig"}). Study participants were selected using a two-stage, cluster sampling process, with sampling procedures adapted to the information available for each stratum. In the shore stratum, the first household in each cluster was selected using spatial random sampling based on Google Earth satellite images, as previously described.[@R6] Thereafter, the nearest four houses were surveyed to give a total of five households per cluster. In the island stratum, the first household in each cluster was randomly selected using a list of households from a census conducted before the vaccination campaign. Again, the four nearest houses were also surveyed. In *zimbowera* communities, we exhaustively mapped tea rooms before the survey and established the average number of fishermen who visited each: the average ranged from 5 to 100 fishermen per day. Clusters of five fishermen were selected in proportion to the number of daily visits at each tea room. Of 60 tea rooms, 46 were selected: the number of fishermen interviewed at each ranged from 5 to 15.

All eligible individuals living in each selected household were interviewed. A household was defined as a person or a group of related or unrelated people who had lived together in the same dwelling unit for at least two weeks. Young children were interviewed together with their caregivers to ensure accurate responses. If a household member was not at home at the time of the survey, the interviewer returned later that day to interview the absentee. For people living in *zimboweras*, interviewers arrived at the tea rooms as early as possible in the morning and interviewed fishermen in order of their arrival until the required number was reached.

The survey was carried out between 21 March and 6 April 2016, shortly after the second vaccination round ([Fig. 4](#F4){ref-type="fig"}). Using paper questionnaires, we collected data on: (i) demographic characteristics, such as age, sex and household size; (ii) the number of oral cholera vaccine doses taken; (iii) the date of vaccination; (iv) the main reasons for non-vaccination; (v) the presence and type of any reported adverse events following immunization; and (vi) knowledge of oral cholera vaccination. The number of vaccine doses received was determined from vaccination cards or the individual's recall. We also collected information on the acceptability of the novel vaccination strategies on the islands and *zimboweras*. Three teams, comprising four surveyors and one supervisor, did the survey. All underwent two days' training. Surveyors used a field manual and local calendars, to make it easier for participants to recall dates, during the standardized data collection.
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Statistical analysis
--------------------

For the shore and island strata, we calculated sample sizes to obtain sufficiently precise estimates in the age groups 1 to 4, 5 to 14, and 15 or older years. In practice, sample sizes were based on the 1 to 4-year-old age group, which was the smallest age group in the population. Assuming the proportion expected to receive two doses was 70%, an α error of 5%, a precision of 10% and design effect of 3, the necessary sample size was 242 children in this age group. The further assumption of incomplete data or refusal rate of 10% increased the required sample size to 270 children. According to the 2010 Malawi Demographic and Health Survey,[@R8] there were 0.8 children aged 1 to 4 years per household. Consequently, we estimated that 340 households (i.e. 68 clusters of five households) needed to be interviewed on shore. For the island population, finite population sampling correction resulted in a lower sample size of 295 households (i.e. 59 clusters of five households). For the *zimbowera* population, the only differences were: (i) the assumed incomplete data or refusal rate was 20%; and (ii) the population consisted mainly of young adults. The resulting required sample size was 295 fishermen.

We analysed the data using Stata v. 13 (StataCorp LP., College Station, United States of America), which can estimate vaccination rates and standard errors in complex survey designs. We defined vaccination coverage as the proportion of people interviewed who had been vaccinated. Given the high mobility of the target population, particularly inhabitants of *zimboweras*, we first calculated coverage estimates only for interviewed people who reported being present during the vaccination campaign and were therefore eligible for vaccination. In addition, we calculated second coverage estimates by including interviewed people who arrived in the location after the vaccination campaign. We calculated estimates for each vaccine dose taken. A similar approach was used to calculate the frequency of adverse events following immunization. We report other variables, especially those relating to knowledge of cholera vaccination, using descriptive statistics. The survey was approved by the National Health Sciences Research Committee of Malawi and by the *Comité de Protection des Personnes* in Saint-Germain-en-Laye, France. Verbal consent was obtained from all participants.

Results
=======

In total, the teams interviewed 1477 people on the lake shores, 1153 on the islands and 295 on *zimboweras*. In the *zimboweras*, 284 of the 295 (96.3%) were men, 291 (98.6%) were aged 15 years or older and 59 (20.0%) arrived after the second vaccination round ([Table 1](#T1){ref-type="table"}). The median age of the participants on the lake shores was 14 years (interquartile range, IQR: 7--29), on the islands 18 years (IQR: 8--30) and on the *zimboweras*was 30 years (IQR: 23--38).

###### Participants' characteristics, survey of oral cholera vaccine coverage, Lake Chilwa, Malawi, 2016

  Demographic characteristic                                   No. of participants (%)^a^ by area of residency^b^                   
  ------------------------------------------------------------ ---------------------------------------------------- --------------- ------------
  **Arrival date at interview location**                                                                                             
  Before 1 January 2016                                        1443 (97.7)                                          947 (82.1)      141 (47.8)
  Between 1 January 2016 and first vaccine dose distribution   4 (0.3)                                              40 (3.5)        38 (12.9)
  Between first and second vaccine dose distribution           4 (0.3)                                              119 (10.3)      57 (19.3)
  After second vaccine dose distribution                       8 (0.5)                                              9 (0.8)         59 (20.0)
  Did not know or remember                                     18 (1.2)                                             38 (3.3)        0 (0.0)
  **Sex^c^**                                                                                                                        
  Female                                                       779 (53.1)^d^                                        554 (48.2)^d^   11 (3.7)
  Male                                                         689 (46.9)^d^                                        596 (51.8)^d^   284 (96.3)
  **Age, years^e^**                                                                                                                  
  1--4                                                         222 (15.1)^f^                                        159 (13.8)      1 (0.3)
  5--14                                                        516 (35.0)^f^                                        346 (30.0)      3 (1.0)
  ≥ 15                                                         735 (49.9)^f^                                        648 (56.2)      291 (98.6)

^a^ All values represent absolute numbers and percentages unless otherwise stated.

^b^ Survey participants lived either on the shores of Lake Chilwa, on islands in the lake, or on *zimboweras*, which are temporary floating homes built for the fishing season.

^c^ Data on the sex of 9 people on the shore and 3 on the islands were missing.

^d^ The figures represent percentages of the number of people for whom sex data were available.

^e^ Data on the age of 4 people on the shore were missing.

^f^ The figures represent percentages of the number of people for whom age data were available.

Overall, 1153 of the 1451 (79.5%) people on the shore who were present during the vaccination campaign received at least one dose, as did 1098 of the 1106 (99.3%) present on the islands and 200 of the 236 (84.7%) present on *zimboweras*. Additionally, coverage with two doses was 53.0% (769/1451) on shore, 91.3% (1010/1106) on the islands and 78.8% (186/236) on *zimboweras* ([Table 2](#T2){ref-type="table"}). Coverage with at least one dose in those aged 15 years or older on the islands was similar (99.0%, 613/619) to that in those younger than 15 years but, on shore, it was significantly lower, at 74.0% (534/722) versus 85.0% (617/726) in the younger age group (*P* \< 0.001). We found no difference in coverage between the sexes in any of the three strata ([Table 2](#T2){ref-type="table"}). Calculating vaccination coverage for people present during the survey did not result in any significant change in estimated coverage either on the shore or islands, whereas, on *zimboweras*, coverage was lower: 72.5% (214/295) for at least one dose and 67.5% (199/295) for two doses ([Table 2](#T2){ref-type="table"}). The percentage of people who took the first dose during the first round, but did not take the second dose (i.e. the drop-out rate) was 25.9% (268/1035) on shore, 6.7% (73/1083) on the islands and 7.0% (14/200) on *zimboweras*. The drop-out rate was particularly high (33.3%; 159/477) on the shore in Machinga district. The most frequently reported reason for not taking the vaccine was absence during the campaign in all three strata. Another common reason was that the vaccine was not available at the vaccination post ([Table 3](#T3){ref-type="table"}).

###### Oral cholera vaccine coverage, by area of residency, Lake Chilwa, Malawi, 2016

  Cholera vaccine doses received**^a^**                    Area of residency^b^                                                                                                                  
  -------------------------------------------------------- ---------------------- ------ ------------------- ----- -- ------ ------ ------------------- ----- -- ----- ----- ------------------- -----
  **People present during the vaccination campaign**                                                                                                                                             
  At least one dose (recall or card)                       1451                   1153   79.5 (72.3--85.1)   9.1      1106   1098   99.3 (98.2--99.7)   1.7      236   200   84.7 (78.0--89.7)   1.5
  At least one dose (card only)                            1451                   1062   73.2 (65.7--79.5)   8.9      1106   1053   95.2 (92.2--97.1)   3.4      236   132   55.9 (43.6--67.6)   3.5
  Two doses (recall or card)                               1451                   769    53.0 (45.2--60.7)   9.0      1106   1010   91.3 (87.4--94.1)   3.7      236   186   78.8 (69.8--85.7)   2.2
  At least one dose (recall or card), by age in years^c^                                                                                                                                          
     1--14                                                 726                    617    85.0 (76.9--90.6)   6.6      487    485    99.6 (97.0--99.9)   2.0      3     2     66.7 (14.2--96.0)   NA
     ≥ 15                                                  722                    534    74.0 (67.1--79.8)   6.6      619    613    99.0 (97.9--99.6)   1.0      233   198   85.0 (78.5--89.8)   NA
  At least one dose (recall or card), by sex^d^                                                                                                                                                   
        Female                                             763                    618    81.0 (73.8--86.6)   5.1      532    530    99.6 (97.3--99.9)   2.0      9     9     100.0 (NA)          NA
        Male                                               679                    528    77.8 (69.9--84.0)   4.9      571    565    98.9 (97.7--99.5)   0.9      227   191   84.1 (77.3--89.2)   1.5
  **People present during the survey**                                                                                                                                                           
  At least one dose (recall or card)                       1477                   1167   79.0 (71.9--84.7)   9.1      1153   1136   98.5 (97.1--99.2)   1.9      295   214   72.5 (63.9--79.8)   2.3
  At least one dose (card only)                            1477                   1073   72.6 (65.1--79.1)   9.1      1153   1091   94.6 (91.3--96.7)   3.9      295   136   46.1 (34.7--57.9)   4.1
  Two doses (recall or card)                               1477                   779    52.7 (45.0--60.4)   9.0      1153   1046   90.7 (86.6--93.7)   4.2      295   199   67.5 (58.2--75.5)   2.5

CI: confidence interval; *D~eff~*: design effect; NA: not applicable.

^a^ People either recalled the number of vaccination doses received or presented their vaccination cards.

^b^ Survey participants lived either on the shores of Lake Chilwa, on islands in the lake or on *zimboweras*, which are temporary floating homes built for the fishing season.

^c^ Data on the age of 4 people on the Lake shore (2 vaccinated and 2 not vaccinated) were missing.

^d^ Data on the sex of 9 people on shore and 3 on the islands were missing.

###### Reasons for not receiving oral cholera vaccine, by area of residency, Lake Chilwa, Malawi, 2016

  Reason for non-vaccination                                                      No. of survey respondents (%) by area of residency^a^                  
  ------------------------------------------------------------------------------- ------------------------------------------------------- -------------- --------------
  Absent, ill or at work                                                          111 (33.7)                                              9 (47.3)       47 (55.3)
  Vaccine not available when visiting vaccination site                            71 (21.6)                                               0 (0.0)        13 (15.3)
  Unaware of vaccination campaign                                                 33 (10.0)                                               1 (5.3)        12 (14.1)
  Unaware of need for cholera vaccination                                         29 (8.8)                                                0 (0.0)        2 (2.4)
  Vaccination post too far away                                                   11 (3.3)                                                0 (0.0)        0 (0.0)
  Vaccinators absent when visiting vaccination site                               9 (2.7)                                                 0 (0.0)        2 (2.4)
  Aware of campaign but not of location or time of vaccination                    7 (2.1)                                                 0 (0.0)        4 (2.2)
  Vaccination not authorized by head of family                                    9 (2.7)                                                 0 (0.0)        0 (0.0)
  Lack of confidence in vaccination                                               8 (2.4)                                                 0 (0.0)        0 (0.0)
  Fear of side-effects or influenced by rumours that cholera vaccine is harmful   5 (1.5)                                                 1 (5.3)        0 (0.0)
  Unaware of being eligible for vaccination                                       3 (0.9)                                                 1 (5.3)        0 (0.0)
  Long waiting time at vaccination site                                           3 (0.9)                                                 0 (0.0)        0 (0.0)
  Religious reasons                                                               3 (0.9)                                                 0 (0.0)        0 (0.0)
  Caretaker not available to bring child or other family member                   1 (0.3)                                                 0 (0.0)        0 (0.0)
  Other                                                                           26 (7.9)                                                7 (36.8)       5 (5.9)
  **Total**                                                                       **329 (100)**                                           **19 (100)**   **85 (100)**

^a^ Survey participants lived either on the shores of Lake Chilwa, on islands in the lake or on *zimboweras*, which are temporary floating homes built for the fishing season.

On the islands, 54 of the 1046 individuals (5.2%) who received a second dose reported receiving it from a family member who had collected the vial from a vaccination site. Of these 54, 51 (94.4%) found this mode of delivery practical and convenient ([Table 4](#T4){ref-type="table"}). Nevertheless, most people on the islands (i.e. 938 individuals, 89.7%) went to a vaccination post for their second dose (details of the remaining locations are available from the corresponding author). Of the 176 fishermen on *zimboweras* who reported self-administering the second dose, 6 (3.4%) took it less than 13 days after the first dose, 13 (7.4%) took it 13 days after exactly, 117 (66.5%) took it between 14 and 21 days after and 20 (11.4%) took it 22 days or more after. The longest delay was 46 days. For 20 of the 176 fishermen (11.4%), it was not possible to determine the time between the two doses precisely. Of the 176, 124 (70.5%) found self-administration to be practical and convenient, whereas 17 (9.7%) reported that self-administration was complicated or that they did not like it ([Table 4](#T4){ref-type="table"}). The reasons for not liking self-administration were: (i) fear of losing the vial (8 fishermen); (ii) not wanting to be responsible for taking the vaccine (5 fishermen); and (iii) fear of forgetting to take it (4 fishermen).

###### Vaccinees opinions of novel strategies for administering the second oral cholera vaccine dose, Lake Chilwa, Malawi, 2016

  Vaccinees opinion of strategy     No. of survey respondents^a^ (%) by administration strategy for second vaccine dose   
  --------------------------------- ------------------------------------------------------------------------------------- ---------------
  It was practical and convenient   51 (94.4)                                                                             124 (70.5)
  It was complicated                0 (0.0)                                                                               11 (6.2)
  Did not like it                   2 (3.7)                                                                               6 (3.4)
  No response                       1 (1.9)                                                                               35 (19.9)
  **Total**                         **54 (100)**                                                                          **176 (100)**

^a^ Survey respondents lived in hard-to-reach areas, either on islands in Lake Chilwa or on *zimboweras*, which are temporary floating homes built for the fishing season.

Discussion
==========

Our survey found that the novel oral cholera vaccine distribution strategies were associated with a high level of coverage and were widely accepted by survey participants. These strategies simplified the logistics of delivering the vaccine and were more readily accepted by vaccinees than traditional directly observed vaccination: high coverage was achieved in communities considered difficult to reach, such as fishermen living on *zimboweras* and people on the islands. Drop-out rates were lower in these areas than on shore and were lower than achieved in other oral cholera vaccine campaigns that used traditional delivery strategies (e.g. 15.3% in Guinea in 2012 and 9.6% in Haiti in 2013).[@R6]^,^[@R9]

Concerns reported by fishermen about self-administration of the second dose related mainly to fear of losing the vial or forgetting to take the dose. The latter concern was addressed by a publicity campaign that was carried out when the second dose was due to be taken and which again used the existing network of tea-room managers. Fear of losing the vial was justified because fishermen preferred to keep vials in their pockets rather than in *zimboweras,* which are frequently shared with unrelated individuals. Nevertheless, the drop-out rate among fishermen was low, which indicated good compliance. This is remarkable considering that most fishermen were young men, who are generally the most difficult to target in vaccination campaigns.[@R6]^,^[@R10]

The survey showed that coverage among *zimbowera* fishermen varied markedly between those who were present during the vaccination campaign and those who arrived during the survey, two weeks after the campaign. This variation is a clear indication of the high mobility of this population. Although some fishermen were vaccinated on shore or on an island before moving to a *zimbowera*, others may not have had the opportunity, especially if they came from villages not covered by the campaign. This is the most probable reason for the small rebound in cholera cases recorded in May 2016 at health centres in Machinga and Zomba districts ([Fig. 4](#F4){ref-type="fig"}). Another oral cholera vaccine campaign was carried out in November 2016 in *zimboweras* and villages within 25 km of the lake shore, it partially overlapped the area covered by the campaign in February and March 2016. The second campaign provided an opportunity for vaccination to fishermen who were not vaccinated in the earlier campaign.[@R11] A complementary way of maintaining adequate coverage in this highly mobile population could be to distribute vaccine routinely at lake entry points.

On the islands, the strategy used to distribute the second dose simplified logistics and home-based administration was liked by those who used it. Nevertheless, most people on the islands preferred to be vaccinated at vaccination points. An anthropological survey carried out in parallel suggested that the innovative strategy was not well understood by some community leaders and, thus, communication with the community was poor.[@R12]

The moderate level of coverage achieved on the lake shore might be explained by two factors. First, it is likely that residents of neighbouring villages outside target areas also came to vaccination sites, thereby reducing the stocks available for the target population. Second, we cannot exclude the possibility that the target population on the shore had been underestimated, which may have resulted in vaccine shortages at some sites. These two factors should be considered in future campaigns in open settings.

The evaluation methods used in this study were relatively complex. Different sampling procedures were used in each stratum and fishermen communities were sampled by carrying out a census of tea room attendance. We are confident that the sample of fishermen in our survey was representative of the *zimbowera* population, because we mapped 60 tea rooms before the survey, much more than the 19 used for vaccination, and because fishermen were known to attend tea rooms regularly. Nevertheless, possible selection biases cannot be excluded. For example, fishermen's attendance at a tea room may have been affected by the distance of their *zimboweras* from the tea room or by their fishing activities. Moreover, although we tried to list all tea rooms around the lake, it is possible that we missed some small tea rooms. Another limitation was that we ascertained vaccination status from both oral reports and vaccination cards. Nevertheless, most people in the three strata had cards, though the percentage was lower among fishermen.

Finally, design effects were higher than anticipated, particularly on the shore. This reflected the high heterogeneity in vaccination coverage between clusters, which was under 30% in some clusters and over 90% in others. An in-depth analysis of the data found that no survey respondent reported being vaccinated in three clusters in Zomba district that were geographically close to each other. When these three clusters were removed from the analysis, the design effect dropped from 9.1 to 6.7. Nevertheless, estimated vaccination coverage among adults on shore, both overall and in different age and sex groups, tended to be lower than in the other two strata, a problem that has already been documented in previous vaccination campaigns.[@R6]

The off-label use in this campaign was based on the vaccine's documented thermal stability.[@R13]^,^[@R14] Given limited resources, the health ministry decided it was important to implement self-administration of vaccine outside of a cold chain in a hard-to-reach and highly mobile population. In addition to increasing coverage, self-administration of the second dose improved the campaign's cost--effectiveness by markedly reduced operational costs, such as the cost of renting boats.[@R15] Considering the advantages of these novel strategies, it would be helpful if oral cholera vaccine producers could provide thermal stability data in accordance with WHO's guidelines[@R16] and could apply for controlled temperature chain licences. This would enable the regulated use of these strategies, as has been successfully implemented for meningococcal A conjugate vaccine.[@R17]^,^[@R18]

In conclusion, the oral cholera vaccination campaign in Lake Chilwa, which was implemented in three different social and geographical contexts, achieved fairly high coverage despite major logistical challenges. The two novel strategies involved should be considered for use in hard-to-reach populations in both reactive and preventive oral cholera vaccine campaigns.
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